An environmentally friendly electrochemical process for selective oxidation of 1,2-diols in water using Me 2 SnCl 2 catalyst, KBr as a bromide ion source and platinum electrodes has been developed. This method uses "Br + " ion, generated at the anode as an oxidant and OH − ion, at the cathode as an electro-generated base. Various cyclic and acyclic 1,2-diols were tolerated affording the corresponding α-hydroxyketones in moderate to high yields.
Introduction
The design of clean, efficient and simple synthetic routes has become a central issue of chemical research and industry. For instance, the chemical industry currently does not apply toxic transition metals, stoichiometric oxidants and will also avoid environmentally unsafe solvents in chemical oxidations. 1, 2 Similarly, avoiding the use of carcinogenic and bioaccumulation chlorinated (or aromatic) hydrocarbon solvents in which these conversions are carried out is also urgent. 3 Accordingly, the use of water as reaction medium is highly desirable as water is a readily available, safe and environmentally friendly solvent which is currently finding a number of surprising applications in synthetic chemistry. 4 Research efforts in the field of alcohol oxidation have lately resulted in a number of aerobic heterogeneous metal catalysts of impressive selective activity, mostly based on Ru, 5 Pd, 6 and Sn 7 catalysts. Of more importance to organic synthesis is the selective oxidation of 1,2-diol moiety to A-hydroxyketones. 8 A handful of methods on selective oxidation of 1,2-diols have been presented using organotin 9,10 and chiral copper compounds. 11 Unfortunately, all were done in organic solvents with chemical oxidants most of which are toxic and harmful to people and environment. One sure way of avoiding these toxic chemical oxidants is by use of electroorganic synthesis.
Electroorganic synthesis has attracted much attention and has developed remarkably because it offers unique selectivity as well as potential of realizing specific reaction. 12, 13 In this regard, our group has reported an electrochemical method for selective oxidation of 1,2-diols using catalytic amount of Bu 2 SnO 14 and Me 2 SnCl 2 9 as catalysts in organic solvents using platinum electrodes and Et 4 NBr as the electrolyte. However, with increasing regulatory pressure focusing on organic solvents, the development of green sustainable alternatives is of great importance. We hereby, report the first electrochemical selective oxidation process of 1,2-diols in water.
Experimental

General
TLC analyses were performed on commercial glass plates bearing a 0.25 mm layer of Merck TLC Silica gel 60 F 254 . Silica gel column chromatography was carried out with Merck Silica gel 60 (70230 mesh) using a mixed solvent of hexane and ethyl acetate. All reagents and solvents were of high purity and used as supplied. Diols 1ck, 1m, triol 1i were commercially obtained. Diols 1a and 1b were prepared by osmium oxidation of their corresponding alkenes, through Sharpless dihydroxylation procedure. Spectral data of the A-hydroxyketones products are identical with the reported data of 2a, 15 
General procedure for electrochemical oxidation
A solution of 1,2-diol 1a (1.0 mmol) and dimethyltin dichloride (0.01 mmol) in water (5 mL) was stirred at room temperature for 10 min before electrolysis. 21 The resulting solution was transferred into a glass cell equipped with a platinum anode and cathode (1 © 2 cm). KBr (1.2 mmol) was added to the solution as an electrolyte. Then, the mixture was subjected to constant current electrolysis (20 mA) at 0°C under shielding the light (dark condition) until 1a disappeared, as monitored by TLC. After reaction completion, aqueous sat. Na 2 S 2 O 3 (10 mL) was added. The organic portion was extracted with AcOEt (3 © 40 mL) and then dried over MgSO 4 . The solvent was removed in vacuo and the residue was subjected to silica gel column chromatography (nhexane/AcOEt = 5:1) to afford 2a.
Results and Discussions
We began our investigation with KBr as an electrolyte. 0.5 Equiv of KBr afforded a moderate yield of 68% (entry 1, Table 1 ). Increasing the amount of KBr to 1.0 equiv greatly boosted the results affording a good yield of 90% (entry 2). We next tested the suitability of other electrolytes for this reaction. Among them, NaBr afforded the best yield of 88% (entry 3), while the other electrolytes tested, gave lower yields of A-hydroxyketone (entries 48). Optimizing the reaction by passing 3.5 F/mol of electricity and increasing the amount of KBr to 1.2 equiv slightly improved the yields, but led to the formation of diketone product (entries 9 and 10). Using I ¹ and Cl ¹ , instead of Br ¹ as oxidants led to a considerable decreases of the yield (entries 2, 6, and 8). Reducing the amount of Me 2 SnCl 2 catalyst to 0.05 equiv afforded a good yield of 90% although over oxidation product was also observed (entry 11).
Use of 0.01 equiv of Me 2 SnCl 2 afforded an excellent yield of 95% (entry 12) without diketone formation. However, performing the same reaction without shielding the light led to a drop in yield (entry 13). NaBr was also found to be an effective electrolyte with 0.01 equiv of Me 2 SnCl 2 and could be used in place of KBr (entry 14). In addition, 0.6 equiv of MgBr 2 afforded a good yield of 83% (entry 15). On the contrary, the oxidative reaction using KBr,
The Electrochemical Society of Japan http://dx.doi.org/10.5796/electrochemistry.81.374 JOI:DN/JST.JSTAGE/electrochemistry/81.374 afforded a poor yield of 20% in the absence of the catalyst (entry 16), underlining the important role played by the catalyst in the activation of 1,2-diols. 11 A higher yield of 48% was obtained with 0.6 equiv of MgBr 2 in the absence of catalyst due to possible activation of 1,2-diols by magnesium (entry 17).
With the optimized conditions in hand, we next investigated various tin catalysts to determine their suitability for electrochemical oxidation of 1,2-diols in water. The results are summarized in Table 2 .
Among the catalysts screened, Me 3 SnCl afforded the best yield of 81% (entry 1). Dialkyltin dichloride catalyst gave moderate yields of mono-oxidation product (entries 25) while dialkyltin oxide catalysts did not show impressive activities (entries 67).
We next explored the substrate applicability to the oxidation system involving Me 2 SnCl 2 as the catalyst and KBr as the electrolyte, and the results are summarized in (Table 3) . cis-Cyclic diol 1b was selectively oxidized affording 2b in an excellent yield of 96% (entry 1). Other cis-cyclic diols 1c and 1d were oxidized in moderate yields (entries 23). On the other hand, trans-cyclic 1,2-diols 1fg afforded lower yields of A-hydroxyketones compared to their cis-1,2-diol counterparts (entries 46). This may be attributed to poor coordination between trans-1,2-diols and the tin catalyst. Next, we carried out selective oxidation of 1,2-diols with both primary and secondary hydroxyl groups. When acyclic1,2-diols 1hk were treated under these catalytic conditions, the secondary hydroxyl groups were selectively oxidized preferentially affording products 2hk, respectively, in moderate to good yields (entries 710).
The best yields for diols 1i and 1k were obtained when the electrolysis was done at room temperature due to poor solubility of these substrates in water at low temperatures (entries 8 and 10). Triol Electrochemistry, 81(5), 374376 (2013) 1l was also tolerated and selective oxidation occurred on the secondary hydroxyl group of the 1,2-diol moiety affording 2l in good yield (entry 11). Meso-hydrobenzoin, 1m afforded poor yield of the desired product at room temperature with large amount of starting material recovered (entry 12). This may be due to poor solubility of meso-hydrobezoin in water. Efforts to boost the yields by performing the reaction at elevated temperatures, only led to formation of side products. Plausible reaction mechanism for this reaction is shown in Scheme 1. Dimethyltin dichloride may coordinate with the 1,2-diol 1 to form a related complex A, 21 which can be oxidized by a combination of anodically generated (Br + ) and cathodically generated base (OH ¹ ) to afford A-hydroxyketones 2.
Conclusion
We have developed a green sustainable process for oxidation of 1,2-diols which not only use water as a solvent, but also a safe bromide ion source (KBr). In addition, an electro-generated base (OH ¹ ) generated at the cathode is used. This process, therefore, avoids the use of known toxic oxidants such as Br 2 and also the need for the base. Despite few challenges such as poor solubility of some 1,2-diol substrates, this method provides a new approach to an environmentally benign process for selective oxidation of 1,2-diols and avoids use of harmful organic solvents and oxidants. Therefore, this method may also have potential application in selective oxidation of specific hydroxyl groups in polyols. 
